Aims Voriconazole is a new triazole antifungal agent with activity against a range of clinically important and emerging pathogens. This study determined the effect of food on the pharmacokinetics of voriconazole in healthy volunteers. Methods This was an open, randomized, two-way crossover, multiple-dose study in male volunteers. Twelve subjects received voriconazole 200 mg twice daily for 6.5 days. Each dose was administered either with food or in the fasted state, i.e. not within 2 h of food. Treatment periods were separated by a minimum 7-day washout period. Plasma samples were taken for the estimation of voriconazole plasma concentrations on days 1 and 7. Safety and toleration were assessed by monitoring of both laboratory safety tests and adverse events. Results Administering voriconazole with food significantly decreased both day 7 AUC t and C max by approximately 35% (9598-7520 ng·h ml -1 ; P = 0.003) and 22% (2038-1332 ng ml -1 ; P = 0.008), respectively. Administering voriconazole with food statistically significantly delayed absorption, evident from t max values; the mean difference for t max on day 7 was 1.1 h. The terminal phase rate constant was unchanged by administering voriconazole with food. The fasted terminal phase halflife was 7.3 h compared with 6.6 h for the fed state. Visual inspection of C min values suggests that steady state was achieved after 5 days in both dietary states. Voriconazole accumulation, as assessed by ratios of C max and AUC t on days 1 and 7, was statistically significantly greater when administered with food ( C max , P = 0.010, AUC t , P = 0.006). Mean C max accumulation in the fasted state was 2.1-fold compared with 3.5-fold in the fed state. AUC t accumulation in the fasted state was 3.1-fold compared with 4.2-fold in the fed state. There were no discontinuations due to adverse events or laboratory abnormalities. Treatment-related mild-to-moderate visual disturbances were experienced by six out of 12 subjects. Conclusions The bioavailability of twice-daily 200 mg voriconazole is reduced by approximately 22% as measured by AUC t after multiple dosing when taken with food, compared with fasting.
Introduction
Voriconazole is a new triazole antifungal agent, developed as oral and intravenous formulations, with potent activity against a broad spectrum of clinically significant pathogens, including Aspergillus and Candida species [1] [2] [3] , and emerging fungal pathogens, such as Scedosporium and Fusarium species [4, 5] . The pharmacokinetics of voriconazole have been investigated following single and multiple (10-30 days) doses in both healthy volunteers and patients [6] [7] [8] .
A number of investigators have studied the influence of concomitant food intake on the oral absorption of azole antifungal agents. Food does not appear to reduce ketoconazole absorption or significantly alter peak serum concentrations, although a food-related delay in achieving peak serum concentrations has been reported [9] . Food has an unpredictable effect on the bioavailability of oral itraconazole [10] . Maximal absorption of itraconazole is dependent on low stomach pH, long gastric retention time and a high fat content of the coadminis-tered meal [11] . On an empty stomach, the bioavailability of itraconazole is reduced to 54-59% relative to that after a full meal [11, 12] . Consequently, itraconazole capsules should be administered shortly after a meal to ensure optimal bioavailability [13] . This may limit the use of this agent in seriously ill patients who are unable to ingest adequate quantities of food, although a cyclodextrin-based oral solution of itraconazole has been reported to have a more favourable pharmacokinetic profile [14, 15] . In contrast, the bioavailability of fluconazole appears to be unaffected by food intake [11, 16, 17] .
The purpose of the current study was to evaluate the effect of dietary status on the pharmacokinetic profile of orally administered voriconazole in 12 healthy male volunteers.
Methods

Study subjects
A total of 12 healthy men were screened and enrolled following the provision of written informed consent. All subjects were to be aged 18-45 years, weighing 60-90 kg and within the permitted range for their height and frame [18] . Subjects were to have supine and standing blood pressures within the range 90/60-150/90 mmHg, and supine and standing pulse rates within the range 40-90 beats min -1 . Volunteers were to be excluded if evidence of clinically significant disease, a clinically significant laboratory test abnormality (excepting bilirubin, alkaline phosphatase and urea, which were to be within 10% of the normal range), a history of asthma, eczema or any other allergic condition, were observed at screening. In addition, volunteers were excluded if they had any condition likely to influence drug absorption, hypersensitivity to any drug, or a history of fits, fainting or unexplained loss of consciousness.
Study design
This was an open, randomized, two-way crossover study, which compared the pharmacokinetics of multiple 200-mg doses of voriconazole, administered for 6.5 days, in capsule formulation to fed and fasted healthy male subjects in two study periods. Dietary status was to be separated by a 7-day minimum washout phase. The study was conducted according to Good Clinical Practice regulations and the protocol was reviewed and approved by the ethics committee at the study site (Clinical Research Ethics Committee, Anatole France Street, Brussels, Belgium).
Subjects were admitted to the study unit on the evening prior to dosing having not consumed any alcohol, methylxanthine-or caffeine-containing food, nor undertaken any strenuous exercise during the 48 h prior to dosing. All subjects were fasted from 22.30 hours.
On the morning of day 1, prior to dosing, blood and urine samples were taken for laboratory testing. The first single oral dose of voriconazole 200 mg was administered to both fed and fasted subjects between 07.30 and 07.52 hours.
Subjects who received the drug in the fed state consumed a high-fat breakfast (approximate fat content 45 g, providing 55% of the meal's energy) and subsequently received voriconazole within 30 min of the start of breakfast. Fasted subjects received a low-fat breakfast (approximate fat content 9 g, providing 40% of the meal's energy) 2 h after dosing. All subjects received a standard lunch at 13.00 hours.
Fasted and fed subjects received a standard evening meal (approximate fat content 50-70 g, providing 45-55% of the meal's energy) at 18.00 and at 19.10 hours, respectively. All subjects received the second dose of voriconazole at 20.00 hours and were provided with a light snack at 22.00 hours. After each dose, subjects were instructed not to lie flat for 1 h. Twice-daily administration of voriconazole was continued until the end of day 6, and the last dose was administered on the morning of day 7. Prior to leaving the unit on the morning of day 9, each subject received a physical examination and laboratory safety tests were performed.
Subjects returned to the unit for a second study period not less than 7 days after the initial dosing day. This second study period was run in exactly the same manner as the first, with the exception that subjects randomized to the fed state in study period 1 were in the fasted state for study period 2, and vice versa .
Pharmacokinetic sampling
Venous blood samples were collected by repeated venepuncture or via an indwelling cannula, and transferred into lithium heparin-containing polypropylene tubes. Blood samples were taken for the evaluation of voriconazole pharmacokinetics before the morning dose and at frequent intervals up to 12 h after the morning dose on days 1-7. Pre-morning dose samples were collected on days 2-7. On day 7 additional samples were taken at frequent intervals up to 12 h and at 18, 24, 36 and 48 h after the last dose.
Blood samples were centrifuged at 1500 g for 15 min at 4 ∞ C within 30 min of collection. Prior to analysis, the plasma samples were stored in screw capped polypropylene tubes at -20 ∞ C.
Voriconazole assay
Voriconazole was isolated from plasma proteins by sizeexclusion using a Sephadex column. Plasma samples were assayed using a previously validated high-performance liquid chromatography assay with UV detection at 255 nm [19] . The lower limit of quantification was 10 ng ml -1 (imprecision of 0.6% at this limit) and the interbatch imprecision of the method was 5-8% over the calibration range 25-2500 ng ml -1 . The accuracy of the assay as determined from plasma samples spiked with voriconazole was 102.8 ± 7.8% ( n = 121).
Calibration standards and quality controls were prepared in control human plasma prior to the study and stored at -20 ∞ C until taken for analysis.
Safety assessments
All adverse events that occurred during treatment or up to 7 days after treatment were recorded and documented according to their severity, time of onset and duration, and the investigator's assessment of their relationship to treatment. Events involving adverse drug reactions, illnesses with onset during the study, or exacerbations of pre-existing conditions were recorded. Investigators were also requested to report immediately any serious adverse events occurring during the study or in the period after treatment, regardless of treatment group or suspected relationship to drug.
Routine clinical laboratory tests, haematology, clinical chemistry and urinalysis were performed on samples taken at screening and at the following time points: day 1 (predose) and day 2, predischarge on day 9, and at the follow-up visit.
A physical examination was performed at the prestudy screen, on the evening of admission, at the start of each study period, at the end of each dosing period (day 9), and at the follow-up examination.
Measurements of vital signs (supine and standing systolic and diastolic blood pressure and pulse rate) and a 12-lead electrocardiogram (ECG) were performed at the prestudy screening and at the follow-up visit.
Pharmacokinetic parameters
The maximum observed plasma concentration ( C max ) and the time to the first occurrence of C max ( t max ) were obtained directly from the plasma concentration-time curves (days 1 and 7). The area under the plasma concentration-time curve within a dosing interval (AUC t ; days 1 and 7) and from time 0 to C t , where C t is the concentration at the last sample time above the limit of quantification (AUC t ; day 7), were calculated by the linear trapezoidal rule. Where possible, the area under the plasma concentration-time extrapolated to infinity (AUC inf ) was calculated from AUC t + C t / k el (day 7), where k el is the terminal elimination phase rate constant. k el was estimated by linear regression of the log concentration vs. time profile (day 7). Only those points judged to derive the terminal log-linear decline were used in the regression. The terminal elimination phase half-life ( t 1/2 ) was calculated as 0.693/ k el (day 7). Accumulation ratios were calculated as C max (day 7)/ C max (day 1) and AUC t (day 7)/AUC t (day 1).
Statistical analysis
Natural log transformed AUC t , AUC t , C max , and accumulation ratios, and untransformed t max and k el from days 1 and 7 were subjected to an analysis of variance (ANOVA) model containing sequence, subject within sequence, period and treatment (fed or fasted) effects.
Sequence was tested against subject within sequence at the 10% level. Treatment effects were tested at the 5% level. Adjusted means were produced for all variables analysed. For transformed variables (C max and AUC t ), adjusted means on the log scale were back-transformed to provide geometric means on the original scale of measurement. Treatment contrasts (differences for the untransformed variables and ratios for transformed variables) were estimated and 90% confidence intervals (CI) calculated using fasted values as reference. The ratios (%) between the back-transformed means, and the 90% CI for the ratios, were calculated using fasted values as reference. Subjects were included in the statistical analysis if the data were available for both periods. All analyses and tabulations were performed using SAS/STAT ® (SAS Institute Inc., North Carolina, USA) software [20] .
Results
Subjects
Twelve male subjects, with an age and body weight range of 20-36 years and 60-82 kg, respectively, were randomized to treatment with voriconazole (Table 1 ). All 12 subjects completed treatment, and underwent pharmaco- 
Pharmacokinetics
Statistical analyses of the pharmacokinetic data indicated that, compared with fasting, food lowered the bioavailability and delayed absorption after single and multiple administration of voriconazole 200-mg capsules. The sequence effect was not statistically significant for any variable, k el (and hence AUC and t 1/2 ) was determined for seven subjects in the fed state and nine subjects in the fasted state, with seven subjects having data for both treatments.
Single dose Following the first dose of voriconazole (day 1), the geometric means calculated for C max and AUC t after food were 39.5% and 56.9% of those seen after fasting, respectively ( Figure 1 , Table 2 ). The two treatments were statistically significantly different. The arithmetic mean observed for t max following the first dose of voriconazole administered after food was significantly longer (P < 0.001) than that observed after fasting with a mean difference of 1.2 h (90% CI 0.8, 1.6).
Steady state Analysis of the day 7 (steady-state) results indicated a similar trend in these pharmacokinetic parameters. The geometric means calculated for C max and AUC t after food were 65.4% (P = 0.008) and 78.3% (P = 0.003) of those seen after fasting, respectively ( Figure 2 , Table 2 ). The corresponding ratio for AUC t was 82.2% (P = 0.005). t max at steady state was on average 1.1 h longer (P = 0.008) in the fed than fasted state. The individual subject concentration-time profiles on day 7 are shown in Figure 3 . Visual inspection of C min data indicates that the majority of subjects had reached steady state in 5 days. In addition, there appeared to be no difference in time to steady state between patients in the fed and fasted groups ( Figure 4 ). There was no difference in the rate of elimination of voriconazole between dietary states: the means for k el after fasting and food were not statistically significantly different (P = 0.26).
Accumulation ratios The accumulation ratios for oral voriconazole capsules were both significantly greater when the drug was administered to fed subjects than when it was administered to fasted subjects, irrespective of whether it was calculated using C max (166%; P = 0.010) or AUC t (138%; P = 0.006) ( Table 2) .
Safety
There were no discontinuations from treatment due to adverse events or clinical laboratory test abnormalities.
A total of six subjects reported treatment-related adverse events. Of these, five subjects reported an adverse event during the fasted state, as did two of the same subjects and an additional subject during the fed state (Table 3 ). All these subjects reported mild-to-moderate visual disturbances (blurred vision, increased perception of light), which resolved spontaneously.
Five subjects in the fasted state and six subjects in the fed state had clinically significant laboratory test abnormalities after receiving voriconazole. Elevated serum potassium was the most commonly reported abnormality (three fed subjects, two fasted subjects). A single subject reported transiently elevated alanine transaminase (SGPT), gamma glutamyl transpeptidase (g-GT) and alka- 
Discussion
This open, randomized two-way crossover study in 12 healthy male subjects showed that, at steady state, the bioavailability of voriconazole 200 mg twice daily, administered in capsule formulation, was lowered and the absorption delayed when administered with food compared with administration in the fasted state. Following the first dose (day 1) of voriconazole, the geometric means of C max and AUC t in the presence of food were 39.5% and 56.9% of those seen after fasting. The corresponding percentages at steady state (day 7) were 65.4% and 78.3%. In the fed state, t max occurred statistically significantly later than in the fasted state with a mean difference of 1.1 (90% CI 0.5, 1.7). Visual inspection of C min values suggests that there was no difference in time to steady state between the two dietary states (5 days). There was no difference in the rate of elimination of voriconazole between the dietary states.
Treatment-related mild-to-moderate visual disturbances (blurred vision, enhanced perception of light) were experienced by six out of 12 subjects. These events occurred in three subjects receiving voriconazole in the fasted state only and by one patient in the fed state only. In addition, two subjects experienced visual disturbances in both dietary states. All visual adverse events were of mild severity and short duration and spontaneously resolved. Five subjects had clinically significant elevations in serum potassium concentration: three while receiving voriconazole in the fasted state and two while receiving the drug in the fed state. However, two of these elevations were attributed to sample haemolysis (one in each dietary state).
In summary, the bioavailability of twice-daily voriconazole 200 mg administered in capsule form is reduced by approximately 22% (based on day 7 AUC t data) when taken with food compared with fasting. Voriconazole was well tolerated; mild-to-moderate visual disturbances were the most clinically significant adverse event. The results of this study suggest that, in order to maximize bioavailability, voriconazole should not be administered immediately following a meal. 
